Understanding ecosystem stability is one of the greatest challenges of ecology. Over several 2 decades, it has been shown that allometric scaling of biological rates and feeding inter-3 actions provide stability to complex food web models. Moreover, introducing adaptive 4 responses of organisms to environmental changes (e.g. like adaptive foraging that enables 5 organisms to adapt their diets depending on resources abundance) improved species per-6 sistence in food webs. Here, we introduce the concept of metabolic adjustment, i.e. the 7 ability of species to slow down their metabolic rates when facing starvation and to increase 8 it in time of plenty. We study the reactions of such a model to nutrient enrichment and 9 the adjustment speed of metabolic rates. We found that increasing nutrient enrichment 10 leads to a paradox of enrichment (increase in biomasses and oscillation amplitudes and 11 ultimately extinction of species) but metabolic adjustment stabilises the system by damp-12 ening the oscillations. Metabolic adjustment also increases the average biomass of the top 13 predator in a tri-trophic food chain. In complex food webs, metabolic adjustment has a 14 stabilising effect as it promotes species survival by creating a large diversity of metabolic 15 rates. However, this stabilising effect is mitigated in enriched ecosystems. Phenotypic 16 plasticity of organisms must be considered in food web models to better understand the 17 response of organisms to their environment. As metabolic rate is central in describing 18 biological rates, we must pay attention to its variations to fully understand the population 19 dynamics of natural communities. 20 Identifying the mechanisms responsible for ecosystem stability is one of the main sci-22 entific tasks in ecology (de Ruiter, 2005; Montoya et al., 2006; Rooney and McCann, 23 2012; Loreau and de Mazancourt, 2013). Natural ecosystems are assumed to be stable 24 (in the sense of dynamic stability, defined by the equilibrium stability and the variability 25 (Pimm, 1984; McCann, 2000)) thanks to many mechanisms resulting from the diversity 26 of interacting species (MacArthur, 1955; Elton, 1958). However, mathematical models of 27 ecosystems predicted opposite results. For instance, the theoretical study performed by 28 May (1972) demonstrated that diversity, complexity (measured by the linkage probability 29 between pairs of species) and the average interaction strength decreased the stability of 30 random interaction networks (assessed by a linear stability analysis). Subsequently, many 31 mechanisms promoting food web stability were identified and two of them inspired us to 32 implement a new one in food web models. The first mechanism is the allometric scaling 33 of biological rates (e.g. metabolic rate, feeding strength), describing them as power func-34 tions of individual body mass (Yodzis and Innes, 1992; Brown et al., 2004; Savage et al., 35 2004; Brose et al., 2008; Pawar et al., 2012; Kalinkat et al., 2013). These relationships 36 provided a better prediction of species biomasses in empirical data than any other model 37 parametrisation (Boit et al., 2012; Hudson and Reuman, 2013). In addition, allometric 38 scaling coupled with size structured communities (i.e. consumers larger than their prey) 39 lead to more stable food webs with fewer extinctions (Brose et al., 2006; Brose, 2008; 40 Kartascheff et al., 2010).
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predicted the food web structures of natural communities. The trophic interactions across 94 species are set according to the algorithm detailed by Williams and Martinez (2000) with 95 an expected connectance equal to 0.15. The basal species described by Williams and Mar-96 tinez (2000) are set as primary producers and the others as consumers. The niche values n i 97 (uniformly drawn in a [0, 1] interval for each of the 40 initial species) used to parametrise 98 the niche model are also used to calculate species body mass as follows (Heckmann et al., 99 2012) .
Here N is equal to 6, that means the biggest species is one million times larger than the 101 smallest ones.
102
Predator-prey model 103 The population dynamics of the food web follows the ATN model (Brose et al., 2006; 104 Williams et al., 2007) .
The consumption rate of prey depends on a Holling type II functional response with 116 predator interference (Equation (4)). The preference of consumers for their prey ω ij are 117 set to 1/p i with p i the number of consumer i's prey as we have no a priori information on 118 preferences. Thus, all consumption rates are only driven by consumer body masses and 119 prey biomass densities. ω ij are recalculated after each extinction to follow the changes of 120 the number of prey p i .
Here B 0 is the half-saturation density of i and c the predator interference.
122
Basically, mass specific biological rates (biomass production, metabolic rate and maximum 123 consumption rate) follow the negative-quarter power-law relationship with species body Thus, the loss due to respiration and the gain due to consumption both directly depend 130 on the metabolic rate (Equation (2b)). 
With X the metabolic adjustment coefficient representing the speed of the adjustment.
144
The higher X is, the faster the response of species to modifications of their growth rate is.
145
The metabolic rate is bounded by 1 and 0.001 to ensure a minimum metabolic rate and to Fig.B5, B6,B7,B8) .
149
Simulations 150 The model is coded in C + + and the simulations performed with the GSL ODE solver.
151
The simple tri-trophic food chain only contains a primary producer, a herbivore and a 152 carnivore. Their body masses are respectively set to 1, 10 2 and 10 4 . For the complex food Figure 1 : Bifurcation diagrams of the tri-trophic food-chain containing a primary producers (green), a herbivores (blue) and a carnivores (red). The bifurcation is performed along gradients in the carrying capacity K for A) biomass density and B) metabolic rate for a metabolic adjustment coefficient X = 0 or X = 2.
Figure 2: Bifurcation diagrams of the tri-trophic food-chain containing a primary producers (green), a herbivores (blue) and a carnivores (red). The bifurcation is performed along gradients in the metabolic adjustment coefficient X for A) biomass density and B) metabolic rate for a carrying capacity K = 1 or K = 2.
Figure 3: Effects of metabolic adjustment on complex food webs. A) Persistence of species for different values of metabolic adjustment coefficient X and carrying capacity K. Each square represent the average persistence for 100 replicates. B) Metabolic rate versus biomass density along gradient in carrying capacity K (X = 0.004). C)Metabolic rate versus biomass density along a metabolic adjustment coefficient gradient (K = 1.5).
Each point represents one species and 100 food webs are tested for each combination of K and X. D) Distribution of the average metabolic rate of each species along a metabolic adjustment coefficient gradient (K = 1.5). The domains a, b and c represent respectively species with minimum or low metabolic rate, species with intermediate metabolic rate and species with maximum metabolic rate.
